Abstract
Introduction
The edge preserving filter was initially proposed by M. Kuwahara [2] . In his approach, the symmetric neighborhood is divided into several sub-windows that each contains the central pixel, and the most homogeneous window that has the least mean variance should be the current pixel's optimum neighborhood. We can replace the central pixel by the average of this neighborhood when smoothing. The processing attempts to remove the noise without blurring the edge.
Up to now, many research have been proposed about the edge-preserving filter (Kuwahara, 1976; Tomita, 1977; Nagao, 1979; Wang, 1994 ;etc.) [1] [2] [3] [4] [5] [6] [7] [8] . However, the improvements of the algorithm focused only on the shapes or the sizes of the mask (sub-window). In fact, the optimum neighborhood selecting is a crucial step in the whole process, but they all have in common with calculating the least mean variance, which has some big disadvantages. As we all know, the gray value variance of each object within an image is usually not the same. Therefore, when across the edge, the optimum neighborhood selected of the current pixel will be in the side of the objects having less variance, but in many conditions it more likely belongs to the bigger variance one on the contrary, this will destroy the edges.
To conquer this disadvantage, this paper proposes a new algorithm, which is, calculating the average gray distance between the current pixel and pixels of each neighborhood mask, and selecting the mask that has the minimum one as the optimum neighborhood. From the deducing equation, we can see that it has two items that one is the variance of the mask itself and another is the distance of the current pixel and the whole mask. Therefore, this approach can consider not only the neighborhood character itself but also the relationship with the current pixel, and the experiment has good results.
Edge preserving filter process
The edge preserving filter uses an orientation neighborhood actually, it has been called rotating mask in some papers [1] . Many researches have proposed various shapes of the masks; here the choice of Nagao [4] , for example, is shown in Figure 1 .
Fig 1. Nine marks of Nagao
According to the principle of the edge preserving filter, the process can be elucidated as the following steps [1, 7] .
(a) Consider the shape and size of the masks, for example, as shown in Figure 1 (b) Calculate the mean gray value variance of the pixels within each mask
is the average gray value of the mask, (e) Repeat step (a) to (d) for all pixels in the image.
(f) Iterate step (a) to (e) until the process converges to a stable state (that is, the gray value of the image does not change any more).
The new algorithm for selecting the optimum neighborhood

Principle and equation
This new algorithm we called here is minimum gray distance, which is, calculating the average square distance of gray value between the current pixel and pixels of each neighborhood mask actually, and selecting the mask that has minimum distance as the optimum neighborhood.
The formula described by:
Where 0 g is the value of the current processing pixel. While ) min(
Select it as the optimum neighborhood mask.
Analysis of the new algorithm
① Algorithm of the least variance--equation (1) transforming and deducing
② Algorithm of the minimum gray distance--equation (2) transforming and deducing
denotes the distance between the current pixel and pixels within the neighborhood mask.
③ Comparison between the deducing results of two algorithm equations
We can see that equation (5) has one item ( 2 t r ) more than equation (4), which denotes the gray distance between the current processing pixel and pixels of the neighborhood mask. Obviously, this new algorithm considers not only the character of the neighborhood itself but also the relationship with the current pixel.
Experiments and results
To test this new algorithm, we have applied it to smooth the noised Lena image, and compared with the algorithm of the least mean variance. Here, we estimate the algorithms by using Mean Square Error (MSE) [1] , which defined as: The original image in Figure 2 (a) is a size of 256× 256 pixels Lena image, Figure 2(b) is the salt noised image with P=0.02 (that is, the possibility of noise with 0.02), the shapes of the neighborhood masks choose Nagao's are shown in Figure 1 . We can see that, in Figure 2 (c) with the algorithm of least mean variance, the edges within the image are severely destroyed because the pixels are assigned to the wrong neighborhood, while Figure 2( 
Conclusion
Optimum neighborhood selecting has directly affected the pixel near the edges assigned to the right object, which is rather crucial in the whole process of the edge preserving filter. The earlier algorithms based on the least mean variance has some disadvantages, which select the wrong neighborhood sometimes. This paper proposed a new algorithm for selecting the optimum neighborhood, which can consider not only the character of the neighborhood itself but also the relationship with the current pixel, and it has better experimental results than the least variance algorithm. In addition, this algorithm can be combined with the shapes of neighborhood mask that had been proposed in the former researches, which will get better effects.
